In this contribution, a model of a drum motor is presented. This model was designed for description of dynamic behaviour of the drum motor as well as for the possible implementation of several wearing phenomena. Using this model, a better understanding of wear and tear phenomena has been achieved by carrying out a considerable number of simulation runs using different operational and wearing conditions. Using this information, important knowledge about detection of wearout signs was able to be gained.
Introduction
Applications of mathematical models of technical systems are widespread in today's product development cycle. Mathematical models help to increase the understanding of physical properties of a product. The usage of mathematical models in the design phase allows investigations of functional properties under changing operational conditions. Both properties and operational conditions are described in the models by certain parameters. In the early phase of product development, only a certain range of values for these parameters is needed. Later on, these parameters have to be determined with higher accuracy to benefit from the model-based investigations.
Correct and robust operation under changing circumstances is the most important requirement concerning machines and facilities in today's industry. Additionally, all equipment must guarantee a very high level of availability. These two demands are competing against each other because every technical system is characterized by a certain appearance of wear and tear. This applies to mechanical and electrical systems but also for any other physical domain. This appearance of wear and tear increasingly causes a less correct operation of any technical system with progressing time of operation. Therefore, compliance checks concerning the allowed tolerances have to be performed either in certain time intervals or depending on the current condition of wearing. However, those checks take time and, therefore, decrease the machine's availability.
Using a mathematical model of a machine or a facility that is able to reconstruct phenomena of wearing is one promising way of getting out of the dilemma. Still, the model must be able to describe functional and dynamic properties, too. That is the reason why such mathematical models cannot be implemented in an easy and straight forward manner. The model structure developed first has to be laid out with necessary parameters. Some of them can be calculated while other ones may only be measured. Calculation may be performed analytically or, e.g., by using a Finite Element model. Parameter measurements mostly need considerable effort for establishing an appropriate test set-up. All three methods were applied for the development of the model presented here. Using a well-parameterized model, we can carry out investigations about impacts of effects of wear and tear on functional properties of a machine or a facility.
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Conclusions
We presented an approach to simulate wear and tear phenomena within complex systems. For the case of a drum motor we proposed three different methods of modeling and parametrising components thereof. The roller bearing was described analytically, whereas the gear was simulated using the Finite Element method. A third access to unknown parameters is measurement as shown with the O-rings. Using these well-parameterised models, we were able to establish a behavioural description for some important wearout effects with the drum motor. Hence, these models can be used to predict the behaviour of a worn system within its usual environment. This opens the possibility to investigate some consequences of wearout effects in several simulation runs in order to establish design rules for condition monitoring algorithms and thus support the development of adapted condition monitoring systems. This in turn allows for improved maintenance strategies and reduced costs.
